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CONTROL FOR COMPRESSORS 



The present invention concerns some improvements to 
compressors . 

t . , ar the present invention concerns a compressor 
In particular, P uprising at least one 

£or compress ng gases of the ^ ^ _ 

^"irl — t h e outlet temperature in t h e 
well a a sensor to ^ speed q£ 

ga s outlet, motor with an eleo tronically 

SJST^TL^ «- compressor element, and, 

finally a control device for said motor. 

It ls Known that such compressors can operate within a 

between me chanical limitations of the 

cepends among others ^ ^ _ fae caused to 

rotating parts whereby ^ 
the compressor in 
said speed range. 

range is usually characterised by the ratio 
TeLrlTalimam number of revolutions an< . the minimum 
number of revolutions, whereby the value of thrs 
typically situated around 3.2. 

It is also Known that a further restriction of the speed 

ZZ i * * p — oaused bY a drastl ° 
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•v n of a compressor in the high and low speed range, 
"Tresuit o Ihich, as the rotational speed or the 
ILpressor com es closer to the aforesaid _ or 
^ ' of revolutions, the temperature of the 

minl mum number o ^ ^ ^ ^ ^ 

compressed gas can downstream 

-t n,» compressor element ana or 
coatings of the comp daIr , ac , e d by the heat. In 

re co^ell — * — - an admitted — -trcal 
threshold value of 260 to 265'C. 

In or der to restrict the influence of the output - duct ion 
^ to Prevent the tempe raure on the 

compressor element £urther restrict the 

threshold value, it rs imp ^ 

— -rr" zzzr-Z — — - 

circumstances havmg anient 

^ Q adverse, namely xn case 
are more aavert»«, of a new 

when the finishxng gualxty 

:rrr» r- - - - «— — - * 

used compressor and the lxJce. 

.. nned tV pe are already known 
of the above-mentxonea ^yp« 

— - - — „-r M rrr.z: 
-rrr:i"»^ - • — - ; 

said fixed th a cert ain degree of wear and 
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. „f such known compressors with a fixed speed 
A oisadvanta* . o s»ch ^ ^ Qn 

lirai ter is ^ ^ ^ assuming t he most 

the basis of a ^ restricting £or 

ad .erse "-- S " nCeS ; e less adverse , such as for example 

CirCUmSt r;owIr tem er atureS , allowing in principie for a 
in ca se of lower P ^ 

h±9he : Z of the temperature on the outlet of the 

rrl^ment .his ses t.t ~ - - 

: el =TasT:: :: * — — 

aerate from the aforesaid worst case scenario. 

ti ce such known compressors have a speed range with 
in practice, sucn xn Qj _ der q£ 

speed range of 3.2 would be possible. 

ent invention aims to remedy the above-mentioned 
"I "I di a-antages b y providing a compressor with a 
and other d somatically maximizes the 

^^"ralge °f ^e compressor as a function of the 
circumstances, irrespective of the state and 
condition the compressor is m. 

" im th e invention concerns an improvement to a 
To this aim,, the in consists in 

compressor of \ dynamic speed 

th3t t the . t rrt S rcaTled P a hysteresis module, coupled to 
Ximiter with what ^ ^ ^ ^ fco the 

for the outlet temperature and the 
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Umit has been defied « J ^ det ermined by a 

as - admitted 7a— ^ and 

r0tatl ° n as Te n-easnred outlet temperature reaches 
whereby, as soon as the tempe rature limit, the 

the specif hysteresis ^ is either 

ac tual rotational speed ^ rofcational 

iowered with a speed ^ ^ clQse to the 

speed is situated m th ^ ed with a speed 3 ump 

- tati0 :: u rr ro'taTiona. speed is situated in the 
» mea !":i; to the minimum rotational speed. 

xow speed range close t 

^ limiter according to the 
Ihank s to the ^^hysrlis upper temperature 
mention, when the a ^ £oE 

limit is reached, *£^<£ adffiltted maximum critical 
example 2- lower than ^ rotat ional 

thr t^l V : -Jtically be equated in the right sense m 

::::: ~ — «- — — ture decrea 

ed restriction is not determined by 
in this manner, the spe favourab le 
a worst case scenario, 

for example in case o 
circumstances, tor compressor will 

temperatures, the -Uo^ ^ „ y the 

cover the entire speed »nge ^ ^ entire 

.imitations - - as fa r as the gas 

available capacity of the P Snould the 
output is concerned can be used ^ ^ ^ ^ 

circumstances become ^ is Somatically 
temperature rises. 



n as the outlet temperature reaches the 
adj usted as soon as ^ ^ ^ th 

aforesaid crrtrcal th ^ ^ ^ ^ ^ o£ 

threshold value can never 

■„„ »ear of the compressor, 
increasing wear 

H„le is preferably also defined a 
In the hysteresis module ^ ^ ^ ^ 

hysteresis low- ^mpera ^ the specified 

meaSUred . s Tower telpelature limit, the entire aforesard 
rrr/^um speed range becomes available a g arn. 

, hat wh en the operational 
^ °" er % SI om btcle more favourable as a 
conditions of the comp Qn the out let of the 

— ° f wh it:r <=r - capacity «* - 

C °^T 0 : canned to the full again, 
compressor can 

^y^ri for compressing a gas 
Th e invention also concerns a ^method f ^ ^ ^ 

hereby a is opt imi,ed, there will 

™iain the characteristics of the 
In order to better entoo diment of the 

mention, the ^ only wit hout . being 

drawings, in which: 

n1 - a the outlet temperature of a 
figure 1 represents the ^ ^ ^ 

conventional compressor 
rotational speed of the compressor. 



,ents the outlet temperature of a 

figure -3 re P iC 

according to the invention. 

mn of the compressed 

Figu=e x s ,o WS t rTrr element ot a 

gas on the outlet o ^ ^ number of 

conventional compressor an admitted 

o ^-f the compressor, SUU1 
revolutions S of the ^ ^ ^ admitted mxnrmum 

— - TLrl an admitted maximum rotational 

rers hTtne — of the rotating parts . 

Fig ure 1 sho«s three outlet ^ ^Ic' JL^ 

F3 respectively, ----- Mature ». a higher 



1 , each curve 



Horived from this figure 
As can be clearly niddle part x wl th an "almost 

^s an almost fl ^ temperature tha t 

constant outlet ^"ture g ^ , ±n 

renins the - close to SMA X and a part 

n: ret::: :;- ~~ — - - 

* 3 clearly illustrate the phenomenon whereby 
Th e parts 2 and 3 <^ J decreases and , consecraently, 

the compressor output ^ stro g when the 

the outlet temperature 
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of .evolutions in the nigh -P- ~ inCreaSeS ' 
° f the low speed range respectively, 
decreases in the low P 

F1 - F2 -F3 are also a function of 
The above-mentioned curve ^ ^ operational 

otner parameters, such compressor, the 

assure, the 1 curves shift up W ard 

wear of a 3 finishing that is less good or for 
for a compressor wxti 

, „ o» ™— »»- "* ■" l ""*" 

^.vin. — — ~ — - 
„ , w „ > ,. .... rr "r - 

IMM C of the outlet . P ^ ^ coatlngs 

compressor must be stopped xa o*d rMB part s of 

- « t* jrr*s- - - - — heat 

the compressor to 

of the compressed gases. 

of this temperature threshold 
It ls clear that, *- " 

TMAX, the admitted spee, range^ ^ ^ ^ 
a ^ient temperature T BG1 . For the higher 

V alue 001 and an upper thresh ^ ^ ^ ^ 

t-petaturea T 2 ^and ^ ^ OG2 and 

compressor is s-i ^ ^ ^ respectively . 

0G3 respectively , 

„ rs the most adverse situation at 
with the known com pressors t3 is taken as a 



is set between the corresponding lower and 
spe ed range is set 

higher threshold values OG3 and BOS . 

h a conventional compressor with a fixed 

As opposed to such a CO ^ ^ ^ 

speed range 0G3-B ^ ^ speed limiter 

invention as pro ^ hysteresis upper 

comprising a,- ^s module^ ^ ^ ^ 2 „ c 

temperature limit ^ ^ ^ measured outlet 

■ lower than TMAX and whereby, hystare sis upper 

temperature - reaches the^P ^ o£ ^ 

temperature limit, t ^ ^ adjustable 

compressor elemen :x rot ational speed is 

speed jump DS when the incre ased with a 

■— - 1 "'.T r — — ■ — - 

speed jump DS wne 

situated in the lower speed range. 

• , of a compressor with a dynamic speed 

The wording Principle ^ ^ ^ ^ ^ be 

lim iter .ceo rdrn, - ^ ^ 2 representin g a 

iiiustrated he earte . y ^ ^ ^ ^ speed 

between 32°C and 40'C. 

, starting from a situation A at an ambient 

«' ^ "'/errand a number of revolutions SA, the 
temperature of rise s to 39°C, the number of 

anient temperature gradually u „ c „ a nged, 
.evolutions of the compressor will f ^ ^ ^ ^ 

and the outlet t-P eratUre T ° W int I reaches the hysteresis 
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„ s th e number of revolutions of the 
instantly -duces t* ^ ^ & speed jump DS , 

compressor -o^ operational point is mediately 

shi£ted to a point . . ^ ^ temperatur e 

temperature rises str ^ ^ ^ ^ ol ^ ons sc 

will rise again ^ reached again in 

unt il the upper temp «tu 1 ^ 

point D and the ^ such that th e operational 

S peed adjustment with a 3 p ^ ^ when 
point mediately shift ^ 39 - c , will m ove 

the temperature rises ^ ^ & constant 

furt her to point F on the 
rotational speed SE. 

that the threshold value TMfcX of the outlet 
It is clear ^ * reached in this case, and that 

temperature will -ve ^ adjust ed to less 

the speed limits are ^ ^ exanple a higher 

favourable circumstances, ^ ^ be 

— « t tefflPerat T r ; c S ted as is the ease wit, conventional 
unnecessarily res-ct^ ^ ^ ^ dictated by a 

compressors, to a 

hypothetical worst case situation. 

also a hysteresis lower 

according to ^J^^J in the hysteresis module 

temperature limit HMX» ^ fcemperature T0 

whereby, as soon aS limlt ^jh, the actual 

reaches this lower --rat ^ ^ ^ 

= jn — -■ — rwir rr:; : 

rtirars^rXated in the ^st speed range. 
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dule will preferably be configured such 

that, as soon as the me ^ entire 

the hysteresis lower temperature ^ ^ SMIN 

^ove-mentioned admitted — 
and SMAX becomes available again. 

, om the preceding operational point F, the 
If. starting from the P 32 „ Cf the 

a-ien t temperature decrease s « constan t an d 

— ° £ reVOlUt i;: re TO will drop until HMXN is reached, 
th e outlet —erature W ^ adjus tn.ent of 

- «" hySte 7spe7d of the compressor according to the 
the rotatxona^ spee ^ ^ revolu 

invention untxl the ^ the 

SMAX and thus a -~- ^ ^ ^ ^ the upper 

r:;:::r e ^ is reached - w - 



sooner . 



.similar regulation princ^ ^i ^ ^at 1^ 

„nge of the compressor close ^ ^ 

speed SMX N , whereby t^spee ^ ^ 

Mlth . speed ^P DS whe ^ ^ ^ deiivery 

limit HMAX is reached. ^ autom atic 

assure of the compresso r w l 1- 

idle condition and po J ^ ^ un „ anted 

mode of tbe ^-s m ^ re _ statt _ ^ Qther words , 
st op mode «-h ^ r _ idle is adjusted as 

the speed a <^ temperatur e and the condition of 

a function of the 



the compressor. 
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The above-mentioned speed jump DS is preferably set such 
that a resulting decrease of the outlet temperature TO is 
always smaller than the difference between the hysteresis 
upper temperature limit HMAX and the hysteresis lower 
temperature limit HMIN in order to avoid cyclic instable 
behaviour of the rotational speed of the compressor. 

The outlet temperature TO is measured at a certain 
frequency, for example once in a minute . 

In case of a sudden rise of the ambient temperature, this 
measuring frequency may be too low in order to be able to 
adjust the speed range sufficiently fast. That is why, when 
the measured outlet temperature TO is still higher than the 
hysteresis upper temperature limit HMAX after a speed 
adjustment with a jump DS, the measuring frequency will be 
raised, such that the hysteresis module can react faster 
and possibly with several successive jumps DS until the 
outlet temperature drops below HMAX. 

The dynamic speed limiter is preferably provided with 
safety devices, for example in order to prevent that the 
speed exceeds an admitted maximum speed SMAX and/or in 
order to prevent that the speed drops below an admitted 
minimum speed SMIN and/or in order to prevent that the 
admitted maximum temperature is exceeded during a certain 
time, etc. 

The dynamic speed limiter is preferably programmed in order 
to obtain an almost optimal operation of the compressor 
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with a speed range larger than 2.5, preferably between 2.7 
and 3.5 r and it can be adjusted such that at least the 
admitted maximum temperature can be set, preferably between 
150°C and 350°C, better still between 200°C and 300°C. 

Figure 3 schematically shows a' dynamic speed limiter 
according to the invention. 

This speed limiter comprises: 

- a means 10 for receiving a signal from the temperature 
sensor; 

- a means 11 for receiving a signal from the rotational 
speed sensor of the compressor; 

- a control device 12 for regulating the speed of the 
motor which drives the rotating element of the 
compressor, for example as a function of the load of 
the compressor element, within a specified maximum 
speed range (SMIN-SMAX) , determined by limitations on 
the rotating parts; 

- a hysteresis module 13 for adjusting the speed as a 
function of the signals (outlet temperature TO and 
number of revolutions S) of the means 10 and the means 
11, whereby this hysteresis module 13 may have a 
memory with possibly a number of outlet temperature 
curves and/or whereby this hysteresis module 1.3. may be 
programmed in the control device 12; 

- a safety means 14 to stop the compressor, for example 
as soon as the outlet temperature TO exceeds a maximum 
temperature; 

- a memory 15 for a minimum speed, whereby this minimum 
speed is used as the initial speed to set the 
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■n- has run idle, and 
^ hack to work after xt has 
compressor sac* , t the minimum 

— . - r ~ ;;;;r:.r:: 

t>¥ the compressor or wxrn 
range of the v m * nnt& (the minimum speed 

~ r°: rr: « " * - - -r 

. v,_ latter minimum speed, witn 

respectively (SMIN K and intermediate spaed 

speed adjustment appX.es in <*e ^ ^ ^ ^ 
zone, the control does 

HMAX value is 

„,=t-vire TO reaches tne 
outlet temperature iu _ a is 

. H in what speed zone the actuar 
determlD ; d " Jlder to th us Element the retired 
situated, rn order ^ ^ 

speed adjust^ x ^ ^ speed 

r/xr/r::: l~ SP eed - r - ». - 

zone (L - SMAX) respectively - 
higher speed zone in 



